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Oncotype DX is an RT-PCR-based 21-gene assay validated to provide prognostic and predictive information in

the form of a Recurrence Score in patients with estrogen receptor-positive, lymph node-negative breast cancer.

Although the Recurrence Score was shown to correlate with several histopathological tumor features, there is a

significant proportion of cases showing an apparent discrepancy between Recurrence Score and risk estimates

based on the traditional clinicopathological tumor features. In this study, we tested whether a proliferating,

cellular stroma and/or admixed inflammatory cells may result in an artificially increased Recurrence Score in

low-grade invasive breast cancers. We analyzed the histopathological features in 141 low-grade invasive breast

carcinomas, including 41 special type (tubular, cribriform and mucinous) carcinomas, with available

Recurrence Score. The tumor stroma was evaluated for increased cellularity and presence of inflammatory

cells. Double immunohistochemical stains for pancytokeratin and Ki-67 was performed to assess the cell

proliferation in tumor vs stromal/inflammatory cells. The clinicopathological features of tumors with

Recurrence Score o18 (low risk) were compared with those with Recurrence Score Z18 (intermediate/high

risk). Carcinomas associated with Recurrence Score Z18 showed lower progesterone receptor immuno-

reactivity, increased stromal cellularity and presence of inflammatory cells associated with the tumor. Double

immunohistochemical stains showed significantly increased proliferation in stromal/inflammatory cells

compared with carcinoma cells in cases associated with Recurrence Score Z18. A Ki-67-positive stromal/

tumor cells ratio of 41 predicted Recurrence Score Z18 with an area under the curve of 0.8967 on receiver

operator curve analysis (Po0.0001). Our results suggest that the presence of increased stromal cellularity and/

or associated inflammatory cells in low-grade invasive breast carcinomas may contribute to an apparently

increased risk of recurrence according to Oncotype DX Recurrence Score. Careful assessment and correlation

with histopathological features in such cases may help in determining the appropriate patient management.
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Breast cancer is a heterogeneous disease with a wide
range of biological features and clinical behavior.1–3

Recognizing their phenotypic diversity, pathologists
have classified breast carcinomas into clinically and
biologically meaningful groups based on histopatho-
logical features, defined by histological grade and
type.4–9 Histological grade is a measurement of the
intrinsic biological features of cancers, which, based
on the assessment of the degree of differentiation
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(gland formation and nuclear pleomorphism) and
proliferative activity, is a morphological reflection of
the perceived aggressiveness of tumors.9,10 The
prognostic value of the modified combined histolo-
gical (Nottingham) grade has been established and
validated in multiple large independent studies11–21

and has been incorporated into prognostic algo-
rithms22–24 and clinical guidelines.25 Pathologists
have also identified specific architectural and cyto-
logical patterns the constellation of which defines
special types of breast carcinoma.26–28 Importantly,
histological grade and type provide complementary
information about the features of breast cancers.14,29

Indeed, the main reason for recognizing special
types of breast carcinoma is the improvement of
prediction of the likely biological behavior beyond
that provided by traditional prognostic factors.26,28,30

Women diagnosed with most special type (ie,
tubular, cribriform or mucinous) carcinomas have
an excellent prognosis, often approaching that of the
general population of the same age.26–28

Traditionally, beside patient characteristics (ie,
age), oncologists have relied on established clinical
and histopathological tumor features (size, histolo-
gical grade, lymph node, hormone receptor, HER2
status) to assess risk of recurrence and guide
recommendations for adjuvant chemotherapy. How-
ever, such treatment decisions remain challenging,
especially with estrogen receptor (ER)-positive early
stage tumors where the absolute benefit of che-
motherapy is difficult to perceive. As only about
15% of such patients treated with hormonal therapy
alone will recur over 10 years, it is estimated that
85% of these patients would be exposed to the risks
of adjuvant chemotherapy without deriving a sig-
nificant benefit from it, if chemotherapy was
given.31 Although the current clinical and histo-
pathological prognostic/predictive factors show
strong association with treatment response and
outcome, increasing concerns exist that they neither
adequately capture the diversity of clinical beha-
viors of breast cancer nor guide individualized
treatment recommendations.

In recent years, the extent of heterogeneity of
breast cancers was highlighted by gene expression
profiling studies identifying the molecular sub-
groups,32–34 and multiple molecular assays were
developed to identify signatures associated with
prognosis35–37 and response to therapy.38 The cur-
rently most widely used such assay in the United
States is Oncotype DX (Genomic Health, Redwood
City, CA, USA), an RT-PCR-based assay, which
analyzes 16 cancer-related and 5 reference genes to
provide a Recurrence Score. The Recurrence Score
is based on the assumption that patients will receive
adjuvant hormonal manipulation and predicts a 10-
year distant recurrence risk as a continuous variable.
It is also subdivided into three risk categories: low
(o18), intermediate,18–30 and high (430) scores.

Although the Recurrence Score has been vali-
dated in multiple studies including thousands of

patients31,39–42 and has been incorporated into
clinical guidelines for management of breast can-
cer,43 several questions remain unanswered.
Although the Recurrence Score was shown to
predict outcome and response to therapy when
analyzing large numbers of cases, its prognostic/
predictive accuracy in a given individual patient
has not been adequately addressed and little has
been done to study the possibility that some cases
may have a falsely low or high Recurrence Score
when compared with what would be expected
based on routine pathological features and/or out-
come.44 In addition, the reproducibility of the assay
performed with tissue extracts without microdis-
section of cancer cells from the stroma is not well
established, and several studies suggest that the
stromal and intimately associated inflammatory
cells, especially when mitotically active, can have
a significant effect on the Recurrence Score.3,44,45 It
should also be noted that, in part due to the high
cost of the test, no studies validating to the
reproducibility and utility of the Oncotype DX
assay are available that are independent of Geno-
mic Health.

We have noticed in our clinical practice that a
significant proportion of low-grade invasive ductal
and special type (tubular, cribriform and mucinous)
carcinomas are reported to have intermediate or
even high Recurrence Score, which is in contrast
with what would be expected based on clinico-
pathological features and outcome data from years
of clinical experience.46–51 We have also noted
that many such cancers are associated with a
cellular tumor stroma admixed with inflammatory
cells. Although Genomic Health dissects out biopsy
sites from the tumor samples, as they were shown
to affect Recurrence Score,45 cellular tumor
stroma and inflammatory cells associated with the
cancer cells are included in the assay. We tested
the hypothesis that such cellular stroma and/or
inflammatory cells intimately admixed with tumor
cells may contribute to an artificially increased
Recurrence Score in low-grade invasive breast
cancers.

Materials and methods

We selected 141 consecutive patients with early
stage, ER-positive, low-grade invasive breast
carcinoma who underwent Oncotype DX testing
between 1 January 2006 and 31 March 2011.
All hematoxylin- and eosin-stained slides were
prospectively reviewed to establish the diagnoses,
including histological type and grade, based on
established criteria.9,27,52 All invasive carcinomas
were graded according to the modified combined
histological grading system.9,10 The number of
mitoses was determined in 10 consecutive high-
power (400� ) fields in the mitotically most
active areas of tumors. In addition, the tumor
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stroma was evaluated for increased cellularity (vs a
more dense, fibrous stroma), presence of inflam-
matory cells intimately associated with tumor and/
or tumor stroma and presence of prior biopsy
site (in the tumor block submitted for Oncotype
DX testing).

The clinicopathological features of the tumors are
summarized in Table 1. Surgical treatment consisted
of lumpectomy in 94 (67%) patients, while 47 (43%)
patients underwent mastectomy. Axillary lymph
node staging was performed in all cases and
consisted of sentinel lymph node biopsy in 136
(96%) cases, while axillary lymph node dissection
was performed in 5 (4%) cases, respectively. The
median number of lymph nodes per case examined
was 2 (range 1–22). Axillary lymph node micro-
metastases (pN1mi) was present in 10 (7%) patients,
while isolated tumor cells (pN0(iþ )) were present
in 9 (6%) patients. The median number of positive
lymph nodes was 1 (range 1–2). ER and progesterone
receptor (PR) status were evaluated by immunohis-
tochemistry (SP1 and 1E2 rabbit monoclonal anti-
bodies, respectively, ultraVIEWt DAB detection
system on Benchmark XT, Ventana, Tucson, AZ,
USA). In addition to categorical (positive vs nega-
tive) results, ER and PR expressions were also
assessed using a semi-quantitative immunohisto-
chemical score (H-score)53,54 taking in consideration
the extent and intensity of nuclear immuno-
reactivity. Briefly, the H-score was calculated as
follows: H-score¼ sum of 1�percentage of weak,
2�percentage of moderate and 3�percentage of
strong staining with score ranges from 0 to 300.
HER2/neu overexpression and/or gene amplification
were determined by immunohistochemistry alone
(4B5 rabbit monoclonal antibody, ultraVIEWt de-
tection system on Benchmark XT, Ventana) in 33
(23%) cases, fluorescence in situ hybridization
(FISH) alone (PathVysion dual color FISH, Vysis,
Downers Grove, IL, USA) in 18 (13%) cases, or by
both methods in 90 (64%) cases. A total of 12 (9%)
cases had equivocal HER2 immunohistochemical
results, none of which showed gene amplification
by FISH. At a mean follow-up time of 27 (range
2–62) months, no tumor recurrence was observed in
any of the patients. The study protocols were
approved by the University of South Florida
Institutional Review Board.

The tumor tissue block used for Oncotype DX
testing was used for immunohistochemical assays in
each case. A double immunohistochemical stain for
pancytokeratin and Ki-67 was performed to assess
cell proliferation in cancer vs stromal/inflammatory
cells. Briefly, for pancytokeratin (mouse, clone
AE1/AE3/PCK26, Ventana, predilute) and Ki-67
(clone 30-9, rabbit monoclonal, Ventana, predilute)
immunostaining, heat induced antigen retrieval
was performed using an EDTA-based retrieval
solution, pH¼ 8, for 16 and 32min, respectively.
Immunohistochemical staining was performed on a
Ventana Benchmark XT machine, according to the

Table 1 Summary of clinicopathological features

All carcinomas
(n¼141)

Special type
carcinomas
(n¼ 41)

Age (years, median,
mean±s.e.m.)

56 (56.9±0.9) 52 (56.2±1.9)

Tumor size (cm, median,
mean±s.e.m.)

1.3 (1.4±0.05) 1.2 (1.3±0.09)

Menopausal status (%)
Premenopausal 53 (38) 20 (49)
Postmenopausal 88 (62) 21 (51)

Histological type (%)
Ductal (NST) 97 (68) N/A
Lobular 3 (2)
Tubular 25 (18) 25
Cribriform 11 (8) 11
Mucinous 5 (4) 5

Tubule formation (%)
1 38 (27) 29 (71)
2 98 (69) 12 (29)
3 5 (4) 0 (0)

Nuclear pleomorphism (%)
1 29 (21) 21 (51)
2 111 (78) 20 (49)
3 1 (1) 0 (0)

Mitotic activity (%)
1 141 (100) 41 (100)
2 0 (0) 0 (0)
3 0 (0) 0 (0)

Number of mitoses per 10 HPF
(median, mean±s.em.)

1 (1.8±0.15) 1 (1.4±0.2)

Lymphatic invasion (%)
Absent 136 (96) 41 (100)
Present 5 (4) 0 (0)

pN stage (%)
0 (i�) 122 (87) 40 (98)
0 (i+) 9 (6) 1 (2)
1mi/1a 10 (7) 0 (0)

Percent ER reactivity
(median, mean±s.e.m.)

100 (94.7±0.7) 100 (94.9±1.3)

ER H-score (median,
mean±s.e.m.)

285 (274.7±3.1) 300 (276.8±5.5)

Percent PR reactivity
(median, mean±s.e.m.)

90 (77.2±2.3) 90 (74.3±4.9)

PR H-score (median,
mean±s.e.m.)

240 (209.1±7.4) 240 (202.9±15.1)

HER2 status (%)
Negative 141 (100) 41 (100)
Positive 0 (0) 0 (0)

Biopsy site (%)
Absent 107 (76) 34 (83)
Present 34 (24) 7 (17)

Cellular stroma (%)
Absent 104 (74) 28 (68)
Present 37 (26) 13 (32)

Inflammatory cells (%)
Absent 108 (77) 29 (71)
Present 33 (23) 12 (29)

Abbreviations: ER, estrogen receptor; H-score, histological score; HPF,
high-power field; NST, no special type; PR, progesterone receptor;
s.e.m., standard error of the mean.
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manufacturer’s recommendations using ultraVIEWt
Red and ultraVIEWt DAB detection systems with
hematoxylin counterstain for pancytokeratin and

Ki-67, respectively. A negative control was done in
each case by omission of the primary antibodies.
Normal human tonsil was used as a positive control.

Table 2 Correlation of clinicopathological tumor features with Oncotype DX Recurrence Score in low-grade invasive and special type
(tubular, cribriform and mucinous) breast carcinomas

All cases (n ¼141) Special type carcinomas (n ¼ 41)

RS o18 (n¼ 101) RS X18 (n¼40) P RS o18 (n¼ 29) RS X18 (n¼12) P

Age (years, median, mean±s.e.m.) 56 (56.5±1.0) 54 (57.9±1.9) 0.5217* 52 (54.6±2.1) 54 (60.2±4.0) 0.1804*
Tumor size (cm, median,
mean±s.e.m.)

1.3 (1.4±0.1) 1.2 (1.3±0.1) 0.6990* 1.3 (1.3±0.1) 1.15 (1.3±0.2) 0.9747*

Menopausal status (%)
Premenopausal 37 (37) 16 (40) 0.7049** 14 (48) 6 (50) 1.000**
Postmenopausal 64 (63) 24 (60) 15 (52) 6 (50)

Histological type (%)
Ductal (NST) 70 (69) 27 (67) 0.9674** N/A
Lobular 2 (2) 1 (3)
Other special type 29 (29) 12 (30)

Tubule formation (%)
1 29 (29) 9 (23) 0.6652** 22 (76) 7 (58) 0.2847**
2 69 (68) 29 (72) 7 (24) 5 (42)
3 3 (3) 2 (5) 0 (0) 0 (0)

Nuclear pleomorphism (%)
1 22 (22) 7 (18) 0.6864** 16 (55) 5 (42) 0.5055**
2 78 (77) 33 (82) 13 (45) 7 (58)
3 1 (1) 0 (0) 0 (0) 0 (0)

Mitotic activity (%)
1 101 (100) 40 (100) N/A 101 (100) 40 (100) N/A
2 0 (0) 0 (0) 0 (0) 0 (0)
3 0 (0) 0 (0) 0 (0) 0 (0)

Number of mitoses per 10 HPF
(median, mean±s.e.m.)

1 (1.8±0.2) 1 (1.7±0.3) 0.7901* 1 (1.3±0.2) 1 (1.7±0.6) 0.4548*

Lymphatic invasion (%)
Absent 96 (95) 39 (97) 0.6750** 29 (100) 12 (100) N/A
Present 5 (5) 1 (3) 0 (0) 0 (0)

pN stage (%)
0 (i�) 86 (85) 36 (90) 0.4941** 28 (97) 12 (100) N/A
0 (i+) 8 (8) 1 (3) 1 (3) 0 (0)
1mi/1a 7 (7) 3 (7) 0 (0) 0 (0)

Percent ER reactivity (median,
mean±s.e.m.)

100 (95.2±0.8) 100 (93.5±1.6) 0.8216* 100 (95.3±1.5) 100 (93.8±2.8) 0.9367*

ER H-score (median, mean±s.e.m.) 285 (277.2±3.4) 285 (268.1±7.2) 0.5214* 300 (279.7±6.1) 292.5 (270.0±11.8) 0.5742*
Percent PR reactivity (median,
mean±s.e.m.)

90 (80.5±2.4) 80 (68.5±5.4) 0.0757* 90 (76.0±5.5) 85 (70.2±10.1) 0.7930*

PR H-score (median, mean±s.e.m.) 245 (220.5±7.9) 190 (179.6±16.3) 0.0323* 245 (211.7±17.4) 185 (181.5±30.4) 0.4441*

HER2 status (%)
Negative 101 (100) 40 (100) N/A 29 (100) 12 (100) N/A
Positive 0 (0) 0 (0) 0 (0) 0 (0)

Biopsy site (%)
Absent 20 (20) 14 (35) 0.0796** 4 (14) 3 (25) 0.3978**
Present 81 (80) 26 (65) 25 (86) 9 (75)

Cellular stroma (%)
Absent 88 (87) 16 (40) o0.0001** 24 (83) 4 (33) 0.0036**
Present 13 (13) 24 (60) 5 (17) 8 (67)

Inflammatory cells (%)
Absent 88 (87) 20 (50) o0.0001** 24 (83) 5 (42) 0.0201**
Present 13 (13) 20 (50) 5 (17) 7 (58)

Abbreviations: ER, estrogen receptor; H-score, histological score; HPF, high-power field; NST, no special type; PR, progesterone receptor; s.e.m.,
standard error of the mean.
*Student’s t-test or Kruskal–Wallis test.
**w2-test.
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The areas of cancers showing the highest numbers
of Ki-67-positive cancer and stromal cells were
identified at low-power magnification. Three repre-
sentative images of tumor and/or tumor stroma
showing the highest numbers of Ki-67-positive cells
were obtained using a digital camera. Each image
taken at a magnification of � 200 represented an
area measuring 0.6554mm2. Ki-67-positive stromal/
inflammatory (pancytokeratin-negative) and cancer
(pancytokeratin-positive) cells were counted manu-
ally and the mean values of the counts were
obtained. As samples used for Oncotype DX testing
do not undergo microdissection of tumor cells
separating them from stromal/inflammatory cells,
results were expressed as the number of Ki-67-
positive tumor and stromal/inflammatory cells per
square mm of tumor tissue.

The clinicopathological features of carcinomas
with Recurrence Score o18 vs Recurrence Score
Z18 were compared using the Mann–Whitney test,
Student’s t-test and w2 test, when appropriate. The
correlation between ER and PR H-score and Oncotype
DX ER and PR score values (available in 123 cases)
was assessed using the Spearman’ test. Statistical
significance was determined if the two-sided P-value
of a test was o0.05. Computations were performed
using the Graphpad Prizm (Version 5, GraphPad
Software, San Diego, CA. USA) software.

Results

In all, 101 (72%) and 40 (28%) cases showed
Recurrence Score o18 and Z18, respectively. Of

Figure 1 Comparison of progesterone receptor (PR) immunoreactivity (a, e), the number of mitoses per 10 high-power fields in the
carcinoma cells (b, f), the presence of cellular tumor stroma (c and g) and presence of inflammatory cells intimately associated with tumor
cells (d and h) in low-grade invasive breast carcinomas (a–d) and special type (tubular, cribriform and mucinous) invasive breast
carcinoma (e–h). (***Po0.001; **Po0.01, *Po0.05; NS, not significant; Mann–Whitney test, Student’s t-test and w2 test).
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note, 12 of 41 (29%) special type (tubular, cribriform
and mucinous) carcinomas showed Recurrence
Score Z18. The correlation of clinicopathological
tumor features and Recurrence Score is summarized
in Table 2 and Figure 1. When all carcinomas were
analyzed, those associated with Recurrence Score
Z18 showed significantly lower PR H-score values,
increased stromal cellularity and presence of in-
flammatory cells. There was a statistically signifi-
cant negative correlation between Oncotype DX PR
scores and Recurrence Score results (r¼�6397,
Po0.0001, Spearman’s test). Although we found a
significant positive correlation between Oncotpye
DX PR score and PR H-score results (r¼ 0.4392,
Po0.0001, Spearman’s test), the correlation between
Recurrence Score and PR H-score was less robust
(r¼�1574, P¼ 0.0633, Spearman’s test). Among
invasive carcinomas of special types, only increased
stromal cellularity (P¼ 0.0036) and the presence of
inflammatory cells (P¼ 0.0201) were associated
with Recurrence Score Z18.

Double immunohistochemical stains showed
no significant difference in the number of Ki-67-
positive tumor cells per square mm of tumor
tissue between cases with Recurrence Score Z18

vs Recurrence Scoreo18 (16.5±2.5 vs 20.4±2.1;
p¼ 0.2388, Student’s t-test; Figures 2a and 3). In
contrast, the number of stromal/inflammatory Ki-67-
positive cells was significantly higher in cases
associated with Recurrence Score Z18 (37.2±3.4
vs 10.4±1.6 in cases with RS o18, Po0.0001,
Student’s t-test; Figure 2b). Similarly, when special
type carcinomas were analyzed separately, we found
no significant difference between the number of Ki-
67-positive tumor cells between cases showing
Recurrence Score Z18 vs Recurrence Scoreo18
(11.0±1.8 vs 11.1±1.9; p¼ 0.9430, Student’s t-test;
Figure 2d). In contrast, the number of stromal/
inflammatory Ki-67-positive cells was significantly
higher in cases associated with Recurrence Score
Z18 (29.6±5.4 vs 8.2±1.3 in cases with Recurrence
Score o18, p¼ 0.0002, Student’s t-test; Figure 2e).
The ratio of Ki-67-positive stromal/inflammatory
and tumor cells was significantly higher in cancers
associated with Recurrence Score Z18 compared
with those with Recurrence Score o18 among all
cases (5.49±0.92 vs 0.63±0.13, Po0.0001, Stu-
dent’s t-test, Figure 2c) and when special type
carcinomas were analyzed separately (6.16±1.54
vs 0.74±0.08, Po0.0001, Student’s t-test, Figure 2f).

Figure 2 Comparison of the number of Ki-67-positive carcinoma cells (a, d), Ki-67-positive stromal/inflmammatory cells (b, e), and the
ratio of Ki-67-positive stromal/carcinoma cells (c,f) in low-grade invasive breast carcinomas (a–c) and special type (tubular, cribriform
and mucinous) invasive breast carcinoma (d–f). (***Po0.001; NS, not significant; Student’s t-test).
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We found a statistically significant correlation
between Recurrence Score and the number of Ki-67-
positive stromal/inflammatory cells per square mm
of tumor (r¼ 0.6484, Po0.0001, Spearman’s test,
Figure 4a) and the ratio of Ki-67-positive stromal/
inflammatory vs tumor cells (r¼ 0.6460, Po0.0001,
Spearman’s test, Figure 4b). No significant correla-
tion was found between the number of Ki-67-
positive cancer cells per square mm and Recurrence
Score. Among all cases, a Ki-67-positive stromal/
tumor cell ratio of 41 predicted Recurrence Score
Z18 with a sensitivity and specificity of 0.7667 and
0.8857, respectively, and showed an area under the
curve of 0.8967 on receiver operator curve (ROC)
analysis (Po0.0001, Figure 4c). When special type
carcinomas were analyzed separately, a Ki-67-posi-
tive stromal/tumor cell ratio of 41 predicted
Recurrence Score Z18 with a sensitivity and
specificity of 0.7500 and 0.8621, respectively, and
showed an area under the curve of 0.8851 on ROC
analysis (P¼ 0.0001, Figure 4d).

Discussion

The main finding of this study is that low-grade
invasive breast carcinomas showing intermediate or
high Recurrence Score are associated with a pro-
liferative, cellular stroma and/or presence of inflam-
matory cells intimately associated with the tumor
cells. Regarding the possible effect of inflammation
on the Recurrence Score, one previous study sugges-
ted that in some cases a high Recurrence Score may
be more related to peritumoral inflammatory res-
ponse rather than the tumor itself.55 Recent meta-
analyses of microarray-based expression profiling
studies have demonstrated that the prognostic
impact of the molecular signatures investigated,
including the Recurrence Score, mainly stems from
the proliferation-related genes.56,57 The Recurrence
Score calculation is also heavily weighted for
a group of five proliferation-related markers
(Ki-67, STK15, Survivin, CylcinB1, MYBL2). In fact,
Baehner et al45 have previously shown that the

Figure 3 (a, b) Low-grade invasive ductal (no special type) carcinoma with an Oncotype DX Recurrence Score (RS) of 12. Note that the
tumor stroma is fibrotic, sparsely cellular and lack significant proliferation (as determined by Ki-67 immunohistochemistry). (c, d) Low-
grade invasive ductal (no special type) carcinoma with an Oncotype DX RS of 15. The tumor stroma is more cellular, but without
significant proliferation (as determined by Ki-67 immunohistochemistry). (e, f) Low-grade invasive ductal (no special type) carcinoma
with an Oncotype DX RS of 24. Note that the tumor stroma is cellular with spindled stromal and inflammatory cells. Ki-67 immunostain
shows significant proliferative activity within the tumor stroma. (g, h) Low-grade invasive ductal (no special type) carcinoma with an
Oncotype DX RS of 21. Note that the tumor stroma is cellular with spindled stromal and inflammatory cells. Ki-67 immunostain shows
significant proliferative activity within the tumor stroma. (a, c, e, g: Hematoxylin and eosin stain; b, d, f, h: double immunohistochemical
stains for pancytokeratin (red) and Ki-67 (brown)).
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presence of a biopsy site associated with increased
cell proliferation can alter the Recurrence Score.
As Oncotype DX is not an in situ test it suffers from
the inherent limitations present when a portion
of tissue is used that contains both invasive cancer
and associated stromal/inflammatory cells. The
intimately admixed inflammatory cells and/or
stromal proliferation are included in the assay and
are not controlled for when the Recurrence Score
is calculated. As the Recurrence Score heavily
depends on the expression levels of proliferation
markers, our findings suggest that the presence
of a tumor-associated proliferating cellular stroma
and/or inflammatory cells likely contribute to
the apparently increased Recurrence Score seen in
these cases. Although not examined in this study, a
similar effect cannot be excluded in intermediate
grade tumors, especially those with moderate
nuclear pleomorphism and low mitotic activity.

Traditionally, treatment decisions for patients
with breast cancer are based on clinicopathological
tumor features and patient characteristics. One of
the most established and validated histopathologi-
cal prognostic feature is tumor grade, as determined
by the modified combined histological grading
system.9–11,54 A compelling body of evidence sug-
gests that histological grade can accurately predict
tumor behavior, particularly in early stage, small
tumors.10,12,17,29 Recent gene expression profiling
studies of breast cancer have shown that tumors of
different histological grades show distinct mole-
cular profiles, suggesting that histological grade is
indeed an accurate morphological reflection of the

molecular makeup of breast cancers14,36 and empha-
sized its relevance in breast cancer biology and
behavior.58,59

Several large studies have shown that patients
with early stage, low-grade invasive breast carcino-
ma have an excellent outcome with over 95%
survival.29,49,60 Although special type carcinomas
were largely neglected in the development of
molecular assays, this issue is further highlighted
by the unexpectedly high proportion of special type
carcinomas showing intermediate or high Recur-
rence Score results. Baehner et al61 have also
reported that up to one third of tubular, cribriform
mucinous carcinomas show intermediate or high
Recurrence Score. Although these findings might be
interpreted as a reason to suggest Oncotype DX
testing in special type carcinomas, in our opinion the
available clinical experience, indicating an excellent
prognosis in these cases,26–28 suggest otherwise.

Although it is often stated that the molecular tests
help in ‘individualizing’ therapy according to the
biological features of cancer, the prognostic/predic-
tive value of these tests are in fact based on the
population data (ie, data based on large numbers of
patients in several studies). Although there have
been substantial efforts to clinically validate the
ability of Recurrence Score to predict outcome and
likelihood of response to therapy in large series of
patients with early stage, ER-positive breast cancer,
there are little data to show that the Recurrence
Score is in fact reflective of the recurrence risk and/
or likelihood of response to chemotherapy in an
individual patient. Associations between various

Figure 4 (a) Correlation of the number of proliferating Ki-67-positive stromal/inflammatory cells and Oncotype DX Recurrence Score
(RS) in low-grade invasive breast carcinomas (Spearman’s test). (b). Correlation of the ratio of Ki-67-positive stromal/inflammatory vs
cancer cells and Oncotype DX RS in low-grade invasive breast carcinomas (Spearman’s test). (c, d) Receiver operator curve (ROC) for the
ratio of Ki-67-positive stromal/inflammatory vs cancer cells to predict an RS of Z18 in low-grade invasive breast carcinomas (c) and
special type (tubular, cribriform and mucinous) invasive breast carcinomas (d).
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clinicopathological tumor features and Recurrence
Score have been examined in a limited number of
studies,44,62–64 some even suggesting that Recurrence
Score can be estimated based on histopathological
features,44,62,63 but little attention has been paid to
the ‘discrepant’ cases. Similar to our experience,
Allison et al44 have also observed that a significant
number of breast cancers that were expected to
receive a low Recurrence Score based on clinico-
pathological features resulted in intermediate or
high Recurrence Score, noting that little has been
done to investigate the possibility that some cases
may have a falsely low or high Recurrence Score
when compared with what would be expected based
on routine pathological parameters.

Similar to our results, several prior studies have
shown that low levels of PR expression significantly
correlate with increased Recurrence Score in breast
cancers.44,62,63,65,66 Several studies have shown that
ER-positive breast cancers with low or absent PR
expression have a worse prognosis67 and benefit less
from tamoxifen therapy compared with tumors
showing high levels of PR expression.68–70 As the
predictive value of the Oncotype DX test is based on
the assumption that patients receive adjuvant anti-
hormonal therapy and PR expression levels, with an
overall range of 1000-fold in the assay, have a
significant role in the calculation of the Recurrence
Score, these results are not surprising. In fact,
Allison et al44 found that in addition to histological
grade, PR levels can segregate breast carcinomas into
different Recurrence Score categories.

It is well known that tumor–stroma interactions
have a significant role in the tumor development
and progression, and alterations in the stromal
microenvironment, such as enhanced vasculature,
modified extracellular matrix composition, inflam-
matory cells, and unbalanced protease activity, are
essential regulatory factors of the tumor growth and
invasion.71–74 However, these effects are mainly
thought to be mediated by the expression of
cytokines and growth factors by the cancer-asso-
ciated fibroblasts/inflammatory cells and it is un-
likely that the proliferative activity of these cells per
se has a significant role in these processes. We are
aware that the ultimate test to determine whether
the low-grade carcinomas with cellular, proliferative
stroma and increased Recurrence Score do worse
than those without these features would be long-
term patient outcome. As the Oncotype DX test was
introduced to clinical practice in 2004, at the
present time we only have short-term follow-up on
the cohort of patients included in the study.
Although it is our intention to re-evaluate these
data when long-term follow-up becomes available,
based on clinical experience, we expect an excellent
outcome in this cohort of patients with small, low-
grade, ER-positive and node-negative tumors.

In summary, our study suggests that the presence
of a mitotically active, cellular tumor stroma and
inflammatory cells associated with the tumor in

low-grade invasive breast carcinomas may contri-
bute to Oncotype DX Recurrence Score results,
indicating an apparently increased risk of recur-
rence. Careful pathological assessment and correla-
tion with histopathological features in such
‘discordant’ cases may help in determining the
appropriate patient management. In addition, the
Recurrence Score should be used with caution in
patients with special type carcinomas until more
information is available. Given the inherent char-
acteristics of the assay, clinicians and pathologists
should be alert to the possibility that the Recurrence
Score may not be representative of the true cancer
biology in cases when there is an associated cellular
tumor stroma and/or abundant admixed inflamma-
tion in a case, emphasizing the important role of
careful histopathological assessment of every breast
cancer.
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